Chemistry – Unit 2.
Structures and bonding.
· Compounds- substances in which 2 or more elements are chemically combined. 
· Chemical bonding involves either TRANSFERRING (ionic) of electrons, or the SHARING (covalent) of electrons on the highest energy level to achieve the electronic structure of a NOBLE GAS. 
· In ionic bonding, ions are formed. Ions have the electronic structure of a NOBLE GAS. 
· Ions – Atoms which have lost or gained electron/electrons.

Group 1 – ALKALI METALS
· They react with non-metals to create an ion with a +1 charge. 
Group 7 – HALOGENS 
· They react with alkali metals to form halide ions with a -1 charge.

IONIC COMPOUNDS
· A giant structure of ions. 
· [image: http://upload.wikimedia.org/wikipedia/commons/e/eb/Sodium_chloride_crystal.png]It is held together by strong electrostatic forces of attraction between oppositely charged ions.
· The forces act in all directions in the lattice, and this is called ionic bonding. 
· They have high melting and boiling points, because a lot of energy is required to break the many strong bonds.
· When dissolved in water, ionic compounds conduct electricity because the ions are free to move and carry current.
An example is sodium chloride (salt): 
Na+ and Cl-


COVALENT BONDING
· When atoms share electrons, this is covalent bonding. Covalent bonding is strong.
· Covalently bonded substances consist of simple molecules e.g. HCl, H2, O2, Cl2, NH3, CH4. 
· Others have giant covalent structures (macromolecules) e.g diamond, silicon dioxide. 

METALS

· Metals consist of giant structures of atoms arranged in a regular pattern.
· The electrons on the outer shell of metal ions are delocalised. 
· Therefore, the positive metal ions are held together by the negatively charged electrons by electrostatic forces of attraction.







Molecules
· Substances that consist of simple molecules have low boiling and melting points.
· Substances that consist of simple molecules have weak intermolecular forces between the molecules. These are broken in boiling or melting, not the covalent bonds. 
· Substances that consist of simple molecules don’t conduct electricity, because simple molecules do not have an overall electric charge. 

Covalent structures
· [image: http://www.chemguide.co.uk/atoms/structures/diamond.GIF]Examples of covalent structures include diamond and graphite (forms of carbon) and silicon dioxide (silica).
· In diamond (right), each carbon is joined to 4 other carbons covalently. Diamond is very hard.
· In graphite, each carbon is joined to 3 other carbons, forming layers.
· In graphite, the layers can slide over each other due to no covalent bonds between the layers, but weak intermolecular forces. Meaning that graphite is soft and slippery.
· Due to the delocalised electrons in graphite, it can conduct heat and electricity.

Fullerenes
· Carbon can also form fullerenes with different numbers of carbon atoms. 
· They are based on hexagonal rings of carbon atoms. 
· They can be used as lubricants, to deliver drugs in the body and catalysts.
· Nanotubes can be used for reinforcing materials, for example tennis rackets.


Metals
· Metals can conduct heat and electricity because of the delocalised electrons in their structures. 
· Conduction depends on the ability for electrons to move throughout the metal.
· The layers of atoms in metals are able to slide over each other, so metals can be bent and shaped. 
· Alloys are made from 2 or more different types of metals. 
· The different sized atoms distort the layers in the structure, making it harder for them to slide over each other. So alloys are harder than pure metals. 

Shape memory alloys
· Shape memory alloys can move back to their original position after being deformed.
· A use of shape memory alloys is nitinol in dental braces, or mending broken bones.



Polymers
· Low density polyethene and high density polyethene, are both made under different reaction conditions using different catalysts. 
· Low density polyethene has weaker forces of attraction as the chains are further apart.
· LD polyethene also has a low melting point and is soft.
· HD polyethene has higher forces of attraction, as the chains are closer together.
· HD polyethene has a high melting point. 

Thermosoftening polymers
· Made of individual, tangled polymer chains which are easily separated. 
1) There are weak intermolecular forces between the chains
2) The chains are easy to separate 
3) At lower temperatures
4) Less heat energy is needed to break the chains

Thermosetting polymers
· Consist of polymer chains which cross links, so that they do not melt when heated. 

Nanoscience
· Nanoparticles are 1-100 nanometers across.
· They contain a few hundred atoms. 
· Nanoparticles involve fullerenes. 
· A nanoparticle has different properties to the ‘bulk’ chemical it’s made from. e.g fullerenes have different properties to big lumps of carbon. 
· Using nanoparticles is known as nanoscience. 

Uses of nanoscience:
· They have a high surface area to volume ratio, and therefore would make good catalysts. 
· [image: http://assets.inhabitat.com/files/carbon-nanotube.jpg]They can also be used to produce highly selective sensors. 
· Nanotubes could make stronger, lighter building materials. 
· New cosmetics, e.g sun tan cream and deodorant. They make no white marks. 
· Lubricant coatings, as they reduce friction. These can be used for artificial joints and gears. 
· Nanotubes conduct electricity, so can be used in small electrical circuits for computers. 

Atomic structure
· [image: ]The atomic number is the proton number. 
· There is the same number of electrons than protons.
· The mass number is the number of protons and neutrons. 


· [image: ]The relative masses of protons, neutrons and electrons are:
· Isotopes are atoms of the same element with the same number of protons but different number of neutrons.


Relative atomic mass (Ar)
· It is a way of saying how heavy different atoms are in comparison to the isotope Carbon 12.
· The Ar of carbon 12 is exactly 12.
· When an element has more than 1 stable isotope, the relative atomic mass is an average value of the different isotopes. 

Relative formula mass (Mr)
[image: ]
[image: ]
[image: http://www.chemistryrules.me.uk/middle/triangle_1.gif]
Moles
· The relative formula mass of a substance in grams, is known was one mole of that substance.
· For example, the Ar of Iron is 56, so one mole of iron weighs 56g.
· The Mr of nitrogen gas (N2) is 28 (2*14), so one mole is 28g.
· You can convert between moles and grams by using this triangle:
· E.g how many moles are there in 42g of carbon?
· Moles = Mass / Mr = 42/12 = 3.5 moles




Analysing substances
· Elements and compounds can be detected and identified using instrumental methods.
· Benefits of instrumental methods are that it’s  rapid, sensitive and useful when detecting small amounts.
· Chemical analysis can be used to identify additives in food e.g paper chromatography





Paper chromatography
	[image: ]Paper Chromatography
	Analytical technique separating compounds by their relative speeds in a solvent as it spreads through paper.

The more soluble a substance is, the further up the paper it travels.

Separates different pigments in a coloured substance.

	Pigment
	Solid, coloured substance



[image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTs5f0XBS8QTbdx4eKnCzhs823aLj-5gApyccrIZGVjUCpQ1Ksl]Gas chromatography
· Gas chromatography allows the separation of a mixture of compounds.
· The time taken for the substance to move through the column can help identify it.
· The output from the column can be linked to a gas spectrometer, which can identify the substances as they leave the column. 
How it works:
1) Different substances are carried by a gas through a column packed with solid material.
2) The substances travel at different speeds, and so they separate.

· The number of peaks on a gas chromatograph shows the no. of compounds present.
· The position of the peak is on the output can identify it’s retention time (time spent in the column)
· A mass spectrometer can detect substances quickly, accurately, and can detect very small amounts.
· The mass spectrometer can also give the relative molecular mass, which is the same as the molecular ion peak.

[image: ]Example of mass spectrum (eg: for butane):

Peak furthest right = molecular ion peak
Molecular ion peak gives Mr of substance
(the blue line would be retention time)
In this example, the Mr of butane is 58


Quantitive chemistry
· The percentage of an element in a compound can be calculated from the relative mass of the element in the formula and the relative formula mass of the compound.
EG: Calculating the percentage of hydrogen in water:
Ar of hydrogen = 1, Ar of oxygen = 16

Formula of water = H2O

Total relative atomic mass of hydrogen = 1 x 2 = 2
Total mass of compound = (1 x 2) + 16 = 18
2 ÷ 18 = 0.11111111...
0.111... x 100 = 11.1% (1dp)

Empirical formula
Example. What is the formula of the phosphorus oxide formed when 62g of phosphorus combines with 80g of oxygen? (Relative atomic masses: P = 31 and O = 16)

	Elements
	P
	O

	Mass
	62
	80

	Mr/Ar
	31
	16

	Moles
	2
	5

	Ratio
	2
	5


1) Draw out the mass, Mr, moles table.
2) Fill in what you already know
3) Work out what you don’t, by using the mass, Mr, moles triangle. 
4) You can work out the ratio once you’ve worked out the moles, if the moles is a decimal, multiply it by 10 and make it a whole number.
Answer: P2O5

· There may be some where you may have to do a little more working.
In an experiment, excess chlorine was passed over 24g of heated magnesium metal until all the metal had reacted. If 95g of white magnesium chloride solid was formed, work out the formula of magnesium chloride. (Relative atomic masses: Mg = 24 and Cl = 35.5)
· For this one, you have to work out the mass of chlorine by subtracting the 24 from the 95, then continue as before. 
· When given the percentage composition and asked to find the empirical formula, imagine that you have 100g of the compound then do the calculation above
· For example if it says 44.9% of barium, say there is 44.9g of barium.
Masses of reactants and products from balanced equations
· Chemical equations tell us the number of moles of substances in a chemical reaction which is why equations must always be balanced
Balancing this equation: H2 + O2  H2O      	BECOMES	      2H2 + O2  2H2O

· This new equation tells us that 2 hydrogen molecules react with 1 oxygen molecule to make 2 water molecules.
· 1 mole of any substance always contains the same number of particles
· Our balanced equation tells us that 2 moles of hydrogen molecules react with 1 mole of oxygen molecules to make 2 moles of water molecules

We can use this to work out how much water is made:

	Ar of hydrogen = 1
	Mass of 1 mole of H2 = 2x1 = 2g

	Ar of oxygen = 16
	Mass of 1 mole of O2 = 2 x 16 = 32g

	Mr of water = (16+2) = 18
	Mass of 1 mole of water = 18g



Putting in the numbers from our balanced equation:

	2 moles of hydrogen = 2 x 2g = 4g

	1 mole of oxygen = 1 x 32g = 32g

	2 moles of water = 2 x 18g = 36g





Even though no atoms are lost or gained in a chemical reaction, it’s not always possible to contain the calculated amount of product because:
· The reaction may not go to completion because it’s reversible
· The reactants may react different to expected
· Some product may be lost when separated from the reaction mixture

Chemical Calculations

· Tell us how much of two chemicals to react together to get a final product
· Usually given one measurement

CaCO3(s) → CaO(s) + CO2(g)
If we have 50g of CaCO3, how much CaO can we make?

	Mr of CaCO3 = 40 + 12 + 16 + 16 + 16 = 100

	Mr of CaO = 40 + 16 = 56



100g of CaCO3 would yield 56g of CaO
50g of CaCO3 would yield 28g of CaO
So we can make 28g of CaO
22g of CO2 would also be produced (50 - 28 = 22)

Percentage yield
Percentage yield =        Amount of product produced                x 100
                    Maximum amount of product possible

[image: ]Reversible reactions
· In some reactions, the products can react to produce the original reactants. These are called reversible reactions, and are presented like:




Rates of reaction
· Rates of reactions can be measured using the amount of product used, or amount of product formed over time:
                            Rate of reaction = amount of reactant used
                                                                               Time

                            Rate of reaction = amount of product formed
                                                                               Time
· Chemical reactions only occur when the reacting particles collide with enough energy, the minimum amount of energy required is called the activation energy.

[image: http://sweetclipart.com/multisite/sweetclipart/files/medical_red_thermometer_1.png]The 4 ways a reaction can be sped up 
· [image: ]Increasing the temperature increases the rate of reaction. As increasing temperature increases the speed of the moving particles, so they collide more frequently and energetically.
· Increasing pressure in reacting gases increases the rate of reaction, as it increases the frequency of collisions.
· Increasing concentration of reacting solutions increases the rate of reaction, as it increases the frequency of collisions.
· Increasing the surface area of solid reactants increases the rate of reaction, as it increases the frequency of collisions. 

Catalysts
· Catalysts are substances which speed up chemical reactions without being changed or used up during the reaction.
[image: ]
 
Energy transfer in chemical reactions
· When chemical reactions occur, energy is transferred to or from its surroundings. 

[image: http://upload.wikimedia.org/wikipedia/commons/5/5b/ThermiteReaction.jpg]Exothermic reactions
· An exothermic reaction is one that transfers energy to its surroundings.
· Examples of exothermic reactions include; combustion, many oxidisation reactions and combustion.
· Everyday examples of exothermic reactions include; self-heating cans (e.g for coffee) and hand warmers. 
[image: http://www.gelpacksdirect.co.uk/wp-content/uploads/2013/04/reusable-gel-bead-multi-pack-1.jpg]Endothermic reactions
· An endothermic reaction is one that takes in energy from its surroundings.
· An example of an endothermic reaction is thermal decomposition.
· Some sports injury packs are based on endothermic reactions. 



· If a reversible reaction is endothermic one way, it is exothermic in the opposite direction. The same amount of energy is transferred in each case, for example: 
                                      [image: ]

Making salts
· State symbols in equations are (s) – solid, (g) – gas, (l) – liquid, (aq) – aqueous (a substance than can be dissolved in water).

3 ways to make soluble salts:
1. Acid + Metal 		 Salt + Hydrogen
2. Acid + Insoluble Base      Salt + Water
3. Acid + Alkali 		 Salt + Water

Acids and metals
ACID + METAL  SALT + HYDROGEN


· The acid can only react with the metal if it is above hydrogen in the reactivity series. 
· To test for hydrogen, add a burning splint to a test tube containing it, and you will hear a “squeaky pop”.
· The speed of the reaction can be tested by how many hydrogen bubbles are given off.
· If the metal is quite reactive, the reaction will go faster. But if too reactive, some metals react explosively. 

Acid and insoluble base
ACID + INSOLUBLE BASE SALT + WATER



· An insoluble base is either a metal oxide, or metal hydroxide. 
· It is a neutralisation reaction.
· Excess base is added to the acid until no more will react, then excess solid is filtered off.


Making soluble salts using metals and insoluble bases
1) Pick the right acid, plus metal and insoluble base.
2) Add it to the acid, the solid will dissolve. 
3) You know the acid has been neutralised when excess solid sinks to the bottom.
4) Filter out excess metal, then evaporate some water, then leave the rest to evaporate slowly. 
5) This is called crystallisation.


Acid and alkali
                                           ACID + ALKALI  SALT + WATER

· You can’t tell when the reaction has finished – you can’t just add excess alkali. 

1) Add a universal indicator to the mix to see when the reactions finished, measuring how much you have used.
2) Then repeat without the indicator – so no contamination.
3) Then evaporate and crystallise

Precipitation reactions – making insoluble salts
1) [image: http://www.umich.edu/~chem125/softchalk/exp1_final/Precipitate.jpg]Add 2 solutions which contain ions
2) Filter precipitate from the solution and dry it off. 

· They can be used to remove poisonous ions from drinking water.
· They can also be used to remove unwanted ions to treat effluent (sewage)



3 ways a reaction can be measured
· Measuring precipitate. Measure a mark through the precipitate, the faster it disappears, the faster the reaction. But results are subjective, different people see different things.
· Place the reacting materials in a flask on a mass balance. Measure how quickly the mass drops. The faster it drops, the faster the reaction. But gas can be released into the room.
· Measuring the volume of gas given off using a gas syringe. The more gas given off in a given time interval, the faster the reaction. If reaction is too vigorous, plunger can break.



Acids and bases
· Metal oxides and hydroxides are bases. Soluble bases (can dissolve in water) are alkalis.
· Ammonia dissolves in water to form an alkali solution.
· It is used to produce ammonium salts.
· Ammonium salts are important for fertilisers as they contain nitrogen to make proteins.

[image: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcRJpHQiysPOYhRUEByB2moZBe4CJvvz7CZHOzUAethkhijv6oCR]Acids
· Hydrochloric acid produces chloride salts. 
· Nitric acid produces nitrate salts.
· Sulphuric acid produces sulphate salts. 


· Hydrogen ions (H+) make a solution acidic
· Hydroxide ions (OH-) make a solution alkali


The PH scale
· [image: http://www.abundanthealthcenter.com/blog/wp-content/uploads/2011/04/PH-Scale.jpg]Acids are from 0-6PH
· Alkalis are from 8-14PH
· Water is 7PH






Neutralisation
· In neutralisation reactions, hydrogen ions react with hydroxide ions to produce water. This reaction can be represented by the equation:
                       [image: ]
Electrolysis
· When an ionic substance is melted or dissolved, the ions are free to move about within the liquid or solution.
· Passing a current through substances which are molten or solution means that the solution can be broken down into elements. This is electrolysis, and the substance being broken being broken down is the electrolyte.
· During electrolysis, positively charged ions move to the negative electrode, and negatively charged ions move to the positive electrode.

[image: http://upload.wikimedia.org/wikipedia/commons/thumb/b/b6/Copper_electroplating.svg/220px-Copper_electroplating.svg.png]Electroplating
· Electroplating is the process of plating a metal with another one
· This is useful for coating a cheaper metal with a more expensive one
· It can also but used to make the metal stronger

· At the negative electrode is the metal you want coated.
· At the positive electrode, is the metal you want to coat the –ive with.
· The electrolyte is the solution of the coating metal. 

OILRIG

Oxidation and reduction
· At the negative electrode, positive ions gain electrons.
· At the positive electrode, negative ions lose electrons.
· Oxidation is loss, reduction is gain.



At the electrodes
· At the negative electrode, hydrogen is produced unless the metal is less reactive than hydrogen. This is because more reactive ions want to stay within the solution.
· At the positive electrode, if OH- and halide ions (Cl-, Br-, I-) are present, then one of the halide ions will be produced. If no halide is present, oxygen is formed.

[image: http://scienceaid.co.uk/chemistry/applied/images/aluminium.png]Aluminium
· Aluminium is manufactured by the electrolysis of a molten mixture of aluminium oxide and cryolite.
· Cryolite lowers melting point of the aluminium oxide, so it’s cheaper to carry out the process.
· The electrodes are made of carbon.
· Aluminium forms at the negative electrode, and oxygen forms at the positive electrode, forming carbon dioxide, which means the electrode gets eroded so needs replacing.

Sodium chloride solution
· [image: http://images.tutorvista.com/cms/images/101/electrolysis.png]The electrolysis of sodium chloride solution produces hydrogen, chlorine and sodium hydroxide.
· At the negative electrode, two hydrogen ions accept two electrons to become one hydrogen molecule. 
· At the positive electrode, two chloride ions lose their electrons to become one chlorine molecule. 
· Left behind in the solution are sodium ions because they’re more reactive than hydrogen, and hydroxide ions from the water. These together form sodium hydroxide. 
[image: http://morethanjustgames.files.wordpress.com/2010/07/soap.jpg]
Uses of these products:
· Chlorine can be used in bleaches and plastics.
· Sodium hydroxide is a strong alkali and is used widely in the chemical industry. For example to make bleach. 

Half equations:
· This is an example of a half equation; the small number is always the same as the 2 larger numbers within the equation.
· Electrons are represented by the symbol ‘e-‘
[bookmark: _GoBack][image: ]
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